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This application claims the benefit of Korean Patent Application No. 2000-2456, filed 
on January 19, 2000, the entirety of which is hereby incorporated by reference as if fully set 
forth herein. 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to a liquid crystal display, and more particularly, 
to an apparatus and method for injecting a liquid crystal into a liquid crystal display panel and 
sealing it. 

10 Discussion of the Related Art 

Generally, an active matrix liquid crystal display (LCD) uses a thin film transistor (TFT) 
as a switching device to display a moving picture. Since the LCD can be made smaller in size 
than the existing cathode ray tube (CRT), it has been widely used in various applications 
including a display for personal computer, or a notebook computer, as well as an office 

15 automation equipment (e.g., a copy machine) and a portable equipment (e.g., a PDA or a pager). 

A process of fabricating the active matrix LCD includes substrate cleaning, substrate 
patterning, alignment film formation, substrate adhesion/liquid crystal injection and packaging 
steps. In the substrate cleaning process, a foreign substance on the substrates is removed by a 
cleaner before and after patterning of the upper and lower substrates. The substrate patterning 

20 process is divided into a step of patterning the upper substrate and a step of patterning the lower 
substrate. On the upper substrate, color filters, a common electrode and black matrices, are 
formed. Signal wires such as data lines and gate lines are formed on the lower substrate. A thin 
film transistor (TFT) is formed at each intersection of the data lines and the gate lines. A pixel 
electrode is formed at each pixel area defined by the data lines and the gate lines and connected 

25 to a source electrode of the TFT. In the substrate adhesion/liquid crystal injection process, an 
alignment film is coated on the lower substrate and a rubbing step is performed which are 
sequentially followed by an upper/lower substrate adhesion step, liquid crystal injection step and 
an injection hole sealing step. Finally, in the packaging process, a tape carrier package (TCP) 
mounted with integrated circuits (ICs) such as a gate driver and a data driver is connected to a 
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pad portion on the substrate. 

In such an LCD fabricating method, a process of injecting a liquid crystal into the liquid 
crystal display panel has been performed by a liquid crystal injecting apparatus as shown in Fig. 
1. 

5 Referring to Fig. 1, the conventional liquid crystal injecting apparatus includes a loader 

2 loaded with cassettes, first and second pre-heaters 4 and 6 for heating a liquid crystal display 
panel conveyed from the loader 2, a vacuum unit for making the interior of the liquid crystal 
display panel into a vacuum state, and a bubble remover 16 for removing air bubbles within the 
liquid crystal display panel. The loader 2 is mounted with cassettes, each of which has been 

10 vertically loaded with a liquid crystal display panel. The first pre-heater 4 activates humidity and 
ionized contaminants, etc. at the interior of the liquid crystal display panel and evacuates them 
into the exterior of the liquid crystal display panel. The second pre-heater 6 heats the liquid 
crystal display panel to relieve stress on the liquid crystal display panel. The vacuum unit 8 
causes the space for liquid crystal injection to be in a vacuum state of 10" 6 Torr so that the liquid 

15 crystal can be injected into the interior of the liquid crystal display panel. The first injector 10 is 
converted from the vacuum state to the atmospheric state to primarily inject the liquid crystal into 
the liquid crystal injecting space. The second injector 12 secondarily injects the liquid crystal into 
the liquid crystal injecting space in the atmospheric state. The unloader 14 is loaded with the 
cassettes, each of which is mounted with the liquid crystal display panel into which a liquid 

20 crystal has been injected. 

In operation, the liquid crystal display panel as discussed above is vertically loaded in the 
cassette such that the liquid crystal injection hole points downward to be mounted onto the loader 
2. The cassette mounted onto the loader 2 is conveyed to the first pre-heater 4 by means of a 
conveyor (not shown). The first pre-heater 4 heats the liquid crystal display panel to a desired 

25 temperature to activate humidity and ionized contaminants at the interior of the liquid crystal 
display panel, thereby forcing them to the exterior of the liquid crystal display panel. The liquid 
crystal display panel heated at the first pre-heater 4 is conveyed to the second pre-heater 6. The 
second pre-heater 6 heats the liquid crystal display panel at a desired temperature to relieve stress 
on the liquid crystal display panel. The liquid crystal display panel heated at the second pre-heater 

30 6 is conveyed to the vacuum unit 8. The vacuum unit 8 cuases the liquid crystal injecting space 
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to be in a vacuum state so that liquid crystal can be injected into the interior space of the liquid 
crystal display panel. The liquid crystal display panel, in the vacuum state, is moved into the first 
injector 10. Thereafter, the first injector 10 receives nitrogen from a nitrogen supplier (not 
shown) to convert the LCD panel from the vacuum state to the atmospheric state. At this time, 
5 the liquid crystal in which air bubbles are removed is primarily injected from the bubble remover 
16 by a pressure difference between the liquid crystal injecting space and the first injector 10. 
Thereafter, the liquid crystal display panel is moved into the second injector 12. The second 
injector 12 secondarily injects the liquid crystal into the liquid crystal display panel while 
maintaining the atmospheric state. By this procedure, a desired number of liquid crystal display 
1 0 panels loaded in the cassette is injected. The liquid crystal display panels into which liquid crystal 
has been injected are moved into the unloader 14. The liquid crystal display panels moved into 
the unloader 14 are conveyed into a liquid crystal sealing apparatus to seal the liquid crystal 
injection hole. 

Fig. 2 is a block diagram showing a configuration of a conventional sealing apparatus 

15 employing a dispenser system. Referring to Fig. 2, the conventional sealing apparatus of the 
dispenser system includes a loader 18 mounted with a cassette loaded with a desired number of 
liquid crystal display panels, first and second inverters for inverting the liquid crystal display 
panels conveyed from the loader 18, a residual liquid crystal remover 23 for removing 
contaminated liquid crystal at the periphery of a liquid crystal injection hole in a liquid crystal 

20 injection process, a sealer 24 for sealing the liquid crystal injection hole, an ultraviolet irradiating 
unit 25 for hardening a sealant sealed at the sealer 24, a third inverter 26 for inverting the liquid 
crystal display panels, and an unloader 28 mounted with the cassette. The liquid crystal display 
panel into which a liquid crystal panel has been injected by the liquid crystal injecting apparatus 
is vertically loaded in the cassette to be mounted into the loader 18. Each of the first and second 

25 inverters 20 and 22 rotates the liquid crystal display panel by 90° in the same direction to make 
a total rotation of 180°. The residual liquid crystal remover 23 jets nitrogen at a high pressure to 
remove liquid crystal formed at the liquid crystal injection hole. The sealer 24 seals the liquid 
crystal injection hole using a sealant. The ultraviolet irradiating unit 25 irradiates an ultraviolet 
ray to harden the sealant. The third inverter 26 rotates the liquid crystal display panel by 90°. The 

30 unloader 28 is mounted with a cassette which is loaded with the liquid crystal display panel in 
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which the liquid crystal sealing process has been finished. 

In operation, the liquid crystal display panel into which liquid crystal has been injected 
is vertically loaded in the cassette such that the liquid crystal injection hole points downward to 
be mounted onto the loader 18. The cassette mounted onto the loader 18 is conveyed to the first 
5 inverter 20 by means of a conveyor (not shown). The first inverter 20 rotates the liquid crystal 
display panel by 90° and then conveys it to the second inverter 22. The second inverter 22 rotates 
the liquid crystal display panel by 90° in the same direction as the first inverter 20. In other 
words, the first and second inverters 20 and 22 rotate the liquid crystal display panel by 180° to 
point the liquid crystal injection hole upward so that the liquid crystal injection hole can be sealed 

10 at the sealer 24. A desired number of liquid crystal display panels loaded in a cassette is 
positioned in parallel in a vertical state such that the liquid crystal injection hole points upward 
to be conveyed to the sealer 24. A dispenser (not shown) of the sealer 24 coats the liquid crystal 
injection hole with a sealant to sequentially seal the liquid crystal injection hole. The liquid 
crystal display panel in which the liquid crystal injection hole has been sealed is conveyed to the 

1 5 ultraviolet irradiating unit 25. The ultraviolet irradiating unit 25 irradiates an ultraviolet ray onto 
the liquid crystal injection hole to harden the sealant. Thereafter, the liquid crystal display panel 
is conveyed to the third inverter 26. The third inverter 26 rotates the liquid crystal display panel 
by 90° so that the cassette loaded with the liquid crystal display panel can be mounted in the 
unloader 28. The cassette, rotated by the third inverter 26, is mounted in the unloader 28. 

20 However, such a conventional sealing apparatus of the dispenser system has the sealant 

remaining in a different state because a plurality of liquid crystal injection holes are sequentially 
sealed. Accordingly, cell gap uniformity deteriorates during the process of hardening the sealant 
causing a problem relating to picture quality. Also, a considerable process time, including sealing 
time for sequentially sealing the liquid crystal injection holes and inverting time for inverting the 

25 liquid crystal display panels is required reducing productivity. 

Fig. 3 is a block diagram showing a configuration of a conventional sealing apparatus of 
a pin-transcriber system. Referring to Fig. 3, the conventional liquid crystal sealing apparatus 
includes loaders/unloaders 30 and 36 mounted with a cassette loaded with liquid crystal display 
panels, inverters 32 and 38 for inverting the liquid crystal display panels conveyed from the 

30 loaders/unloaders 30 and 36 by 1 80°, sealers 34 and 40 for sealing liquid crystal injection holes 
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defined in the inverted liquid crystal display panels, and an ultraviolet irradiating unit 42 for 
hardening a sealant. The liquid crystal display panels into which liquid crystal has been injected 
by the liquid crystal injecting apparatus are vertically loaded in the cassette to be mounted in the 
first and second loaders/unloaders 30 and 36. The first and second inverters 32 and 38 rotate the 
5 liquid crystal display panels by 1 80°. The first and second sealers 34 and 40 seal the liquid crystal 
injection holes using a sealant. The ultraviolet irradiating unit 42 irradiates an ultraviolet ray to 
harden the sealant. 

hi operation, the liquid crystal display panels into which liquid crystal has been injected 
in the liquid crystal injecting process are separated from the cassette. A desired number of liquid 

10 crystal display panels separated from the cassette are mounted in a jig (not shown). Thereafter, 
the jig is mounted in the first loader/unloader 30 such that the liquid crystal injection holes point 
downward. The jig mounted in the first and second loader/unloader 30 is conveyed to the first 
inverter 32 by means of a conveyer (not shown). The first inverter 32 rotates the jig by 180° to 
point the liquid crystal injection holes upward. Thereafter, the jig is conveyed to the first sealer 

15 34. The first sealer 34 seals the liquid crystal injection holes using a sealing device (not shown). 
At this time, the liquid crystal injection holes of the liquid crystal display panels mounted in the 
jig are simultaneously sealed. Thereafter, the ultraviolet irradiating unit 42 irradiates an 
ultraviolet ray to harden the sealant. After the sealant is hardened, the jig is rotated by 180° at the 
first inverter 32 to be conveyed to the first loader/unloader 30. Since a process of sealing the 

20 liquid crystal display panels at the second loader/unloader 36, the second inverter 38 and the 
second sealer 40 is identical to the foregoing process, an explanation as to this process will be 
omitted. 

Such a conventional sealing apparatus of the pin-transcriber system requires a 
considerable process time including mounting time for mounting the liquid crystal display 
25 panels in the jig and inverting time for inverting the liquid crystal display panels to reduce 
productivity. 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to an apparatus and method for injecting 
and sealing liquid crystal into a liquid crystal display panel that substantially obviates one or 
more of the problems due to limitations and disadvantages of the related art. 
5 An advantage of the present invention is a liquid crystal injecting/sealing apparatus and 

method that is capable of shortening process time. 

Additional features and advantages of the invention will be set forth in the description 
which follows, and in part will be apparent from the description, or may be learned by practice 
of the invention. The objectives and other advantages of the invention will be realized and 
10 attained by the structure particularly pointed out in the written description and claims hereof as 
well as the appended drawings. 

In order to achieve these and other objects of the invention, a liquid crystal 
injecting/sealing apparatus according to one aspect of the present invention includes an elevator 
installed at the end of said injecting apparatus to convey a liquid crystal display panel from the 
15 injecting apparatus into said sealing apparatus; a residual liquid crystal remover for removing 
contaminated liquid crystal at a periphery of the liquid crystal injection hole; a sealer for sealing 
the liquid crystal injection hole with a sealant; and an ultraviolet irradiating unit for hardening 
the sealant. 

In another aspect of the present invention, a method of injecting and sealing liquid crystal 
20 includes automatically conveying a plurality of liquid crystal display panels into which liquid 
crystal has been injected to a sealing apparatus for sealing injection holes of the liquid crystal 
display panels; and collectively sealing said injection holes of the liquid crystal display panel 
using a roller in said sealing apparatus and thereafter collectively hardening them. 

It is to be understood that both the foregoing general description and the following 
25 detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWING 

The accompanying drawings, which are included to provide a further understanding of 
the invention and are incorporated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the description serve to explain the principles 
5 of the invention. 

In the drawings: 

Fig. 1 is a block diagram showing a configuration of a conventional liquid crystal 
injecting apparatus; 

Fig. 2 is a block diagram showing a configuration of a conventional sealing apparatus of 
10 a dispenser system; 

Fig. 3 is a block diagram showing a configuration of a conventional sealing apparatus of 
a pin-transcriber system; 

Fig. 4 is a block diagram showing a configuration of a liquid crystal injecting/sealing 
apparatus according to an embodiment of the present invention; 
15 Fig. 5 is a perspective view of the residual liquid crystal remover in the liquid crystal 

injecting/sealing apparatus shown in Fig. 4; and 

Fig. 6 is a side view of the sealer in the liquid crystal injecting/sealing apparatus shown 
in Fig. 4. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. 

Referring to Fig. 4, there is shown a liquid crystal injecting/sealing apparatus according 
to an embodiment of the present invention. The liquid crystal injecting/sealing apparatus includes 
25 an injecting apparatus 80 and a sealing apparatus 90 arranged in an in-line fashion. The injecting 
apparatus 80 includes a loader 50, a first pre-heater 52, a second pre-heater 54, a vacuum unit 56, 
a first injector 58, a second injector 60 and an elevator 62. This injecting apparatus 80 is identical 
to the conventional injecting apparatus shown in Fig. 1, except that it is arranged in an in-line 
fashion with the sealing device 90 by way of the elevator installed at the end thereof. The sealing 
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apparatus 90 includes a buffer 64 for buffering a time difference between the injecting apparatus 
80 and the sealing apparatus 90, a residual liquid crystal remover 66 for removing contaminated 
liquid crystal at liquid crystal injection holes in the liquid crystal injecting process, a sealer 68 
for sealing liquid crystal injection holes, a seal confirming unit 70 for confirming a sealed state, 
5 an ultraviolet irradiating unit 72 for hardening a sealant, and an unloader 74 mounted with a 
cassette. 

In operation, the liquid crystal display panels in which liquid crystal has been injected by 
the injecting apparatus 80, are conveyed via the elevator 62 into the buffer 64. The buffer 64 
temporarily loads the substrates to buffer a time difference between the injecting apparatus 80 

10 and the sealing apparatus 90. Thereafter, the liquid crystal display panels are conveyed into the 
residual liquid crystal remover 66. The residual liquid crystal remover 66 absorbs the 
contaminated liquid crystal at the liquid crystal injection holes to ehminate residual liquid crystal. 
At this time, the residual liquid crystal is eliminated by an N2blow system or a vacuum system. 
The liquid crystal panels in which residual liquid crystal has been eliminated by the residual 

15 liquid crystal remover 66 are conveyed to the sealer 68. The sealer 68 seals the liquid crystal 
injection holes using a roller, hi this case, since the injection holes of the liquid crystal display 
panels are sealed in a downward state, it is not required to invert the cassette. The liquid crystal 
panels sealed by the sealer 68 are conveyed to the seal-confirming unit 70. The liquid crystal 
display panels conveyed to the seal-confirming unit 70 are rotated at a desired angle preferably 

20 by a robot (not shown) so that a worker can confirm, by the naked eye, that the liquid crystal 
injection holes have been sealed. Thereafter, the liquid crystal panels are conveyed to the 
ultraviolet irradiating unit 72. The ultraviolet irradiating unit 72 irradiates an ultraviolet ray to 
harden the sealant. Preferably, the ultraviolet irradiating unit 72 collectively irradiates an 
ultraviolet ray by a lamp scanning system to improve cell gap variation. Thereafter, the cassette 

25 loaded with the liquid crystal panels is mounted in the unloader 74. 

The residual liquid crystal removing process and the sealing process will be described in 
detail with reference to Fig. 5 and Fig. 6. 

Referring now to Fig. 5, the residual liquid crystal remover 66 includes a liquid crystal 
display panel 92 into which a liquid crystal is injected, and a liquid crystal removing unit 96 

30 installed in parallel to the conveying direction of the liquid crystal display panel 92 to remove 
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contaminated liquid crystal. The liquid crystal display panel 92 is conveyed to the residual liquid 
crystal remover 66 by means of a conveyer (not shown) after the liquid crystal is injected. When 
the liquid crystal display panel 92 has been conveyed to locate a liquid crystal injection hole 94 
above the liquid crystal removing unit 96, a pump (not shown) connected to a vacuum line 98 
5 absorbs the contaminated liquid crystal. 

Referring to Fig. 6, the sealer 68 includes a liquid crystal panel 92 into which liquid 
crystal has been injected, a roller 100 installed perpendicularly to the conveying direction of 
the liquid crystal display panel 92 to seal the liquid crystal injection hole 94, a sealant box or 
container 104 filled with a sealant, and a leveler 102 installed at the side of the roller 100 to 

10 uniformly keep a thickness of the sealant sealing the liquid crystal injection hole 94. After a 
liquid crystal is injected into the liquid crystal display panel 92, it is conveyed to the sealer 68 
by means of a conveyer (not shown). When the liquid crystal display panel has been conveyed 
to the sealer 68, the rotating roller 100 absorbs the sealant filled in the sealant box 104 to seal 
the liquid crystal injection hole 94. At this time, the leveler 102 uniformly keeps a thickness 

15 of the sealant absorbed to the roller 1 00. 

It will be apparent to those skilled in the art that various modifications and variation 
can be made in the present invention without departing from the spirit or scope of the 
invention. Thus, it is intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope of the appended claims and 

20 their equivalents. 
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